Introduction
Contemporary motor-vehicles are furnished with both spark-ignition and compression ignition engines. The tests on such vehicles are usually carried out on a fourwheel chassis dynamometer. The essence of the dynamometer is the replacement of static driveway with a running track or roller(s) so that the vehicle remains immobilized while the tractive resistances to drive are being simulated [1, 2] .
This type of test benches are often located indoors, which makes the test result independent of weather effects.
Modern four wheel chassis dynamometers are furnished with brakes for fluent resistance generation, which enables tests in static and dynamic conditions. The devices enable fuel consumption tests in the conditions of simulated drive and fuel composition measurements. The MAHA LPS 3000 ( Fig. 1) is an example of such roller dynamometer.
The LPS 3000 roller dynamometer, in its standard software version, enables the measurement of the engine's power and torque, simulation of load (constants: tractive force, engine speed, cruising velocity), road cruise simulation, determination of engine dynamics, speedometer and odometer control [3] . However, it is not possible to carry out dynamic drive tests in this version and the addition of another module would generate high expenses. Therefore, we have attempted to develop such module ourselves. 
Drive test specification
The control tests on roller dynamometers now applicable are most frequently made according to the ECE R83 and FTP75 cycles. Fuel consumption and exhaust gas component emissions are determined in this test.
The test cycle pursuant to the ECE 83 regulation [4] is applicable in Europe. It comprises the control drive repeated four times, pursuant to the ECE 15 regulation (Urban Cycle) and the Extra Urban Cycle follows right after.
During the vehicle tests carried out pursuant to the above regulations, the four-wheel chassis dynamometer generates appropriate tangential forces depending on the cruise velocity. The values of such forces are calculated, according to the ECE 83 Regulation. The person carrying out the test tries to maintain the drive speed set according to the run displayed on the computer screen [4] .
The continuous recording of selected values, such as: engine power, torque, fuel consumption, etc. is possible during the drive test. The selection of values to be recorded depends on the type of testing apparatus connected to the dynamometer, e.g. fuel flow meter, exhaust gas analyzer.
Regulation ECE 83, in relation to the realization of the driving cycles, recommends using a chassis dynamometer that can reflect the total driving resistance in the speed range from 10 to 120 km/h. If there is no such possibility, other methods of calibration of the absorbed forces during the tests are admitted. The absorbed force is composed of the force absorbed by internal friction and the force absorbed by the power absorber, excluding the differences in the friction of the rollers with and without the vehicle on the chassis dynamometer. The internal friction of the free roller has been omitted.
Another method that is not recommended is rating of the braking distance through a measurement of the absolute pressure in the intake manifold at the speed of 80 km/h (not applicable for diesel engines). The regulation admits a replacement method, in which the coefficient of the load parabola is given for different vehicle masses. This method can be used upon consent of the manufacturer [4] .
The chassis dynamometer manufacturers develop their own methods of identification that allow an accurate reflection of the curve of the total driving (rolling) resistance on the dynamometer. Yet, the algorithms are not included in the literature as they are mostly developed at the request of the manufacturer of the chassis dynamometer and these algorithms are included in the control software. The same pertains to the systems that are the topic of the study.
The idea of the solution developed is based on the use of the existing dynamometer for generation of traction resistances and recording particular values. The vehicle's traction resistances are generated by standard dynamometer software described by the expression [3] : The expression enables the simulation of driving on the road. Stating appropriate values of particular coefficients, we can assure testing conditions that comply with the ECE 83 Regulation.
The particular values of resistances power W are as follows [3] :
where , fw  are rolling resistances coefficients, m is vehicle mass, ρ is air density, c x is head resistance coefficient, A p is front surface. The coefficients ,,
WWW can be determined experimentally while testing the vehicle on the road in coastdown trials or assuming the technical specifications provided by the manufacturer. In the second case the method should be deemed as simplified.
Drive testing device
The idea of the dynamic drive testing device has been presented in the block diagram (Fig. 2) . The device is composed of: -two ABS sensors; -signal amplifier; -measuring system with micro-controller; -computer with software.
The ABS system sensors were used to determine the rollers rotational velocities. They cooperate with the toothed gears the dynamometer is furnished with (Fig. 3, a) . The reinforcing system was made due to the ABS sensor tension characteristics (Fig. 3, b) . a b The task of the micro-controller (Fig. 5) is the preliminary processing of signal transmitted from the ABS sensors, i.e. calculation of the distance passed by a given vehicle, its velocity and acceleration [5] . Upon transmitting the questions to the transmitter, the computer receives data on the current parameters of a given vehicle's motion. On the other hand, the computer utilizes the reference dynamic drive test and displays it in the form of a velocity graph. The real velocity obtained from the micro-controller is simultaneously plotted onto the master graph in the form of a point. The driver must "drive" on the dynamometer in such a manner that the point's location fits within the tolerance range (Fig. 4) .
The computer system developed allows for the performance of standardized velocity runs and for importing individual ones recorded by means of other software under real traffic conditions.
The communication system with the driver (Fig. 4) displays current prompts which gear should be used in the vehicle at a given moment and the "wandering" point means the velocity scope up to the standardized range. In addition we obtain information on the distance passed and velocity deviation displayed on the screen. In the bottom part of the screen there is the full record of the velocity run of a selected test with a marked point informing on the performance progress. The Delphi programming environment has been used for creating the system [6] .
The view of the finished micro-controller and its circuit diagram are presented in Fig. 5 .
The micro-controller was based on the AtMega8515 system and programmed in the Bascom AVR system [7] .
Preliminary tests
The preliminary tests on two vehicles were carried out to assess the usefulness of the system developed. The first vehicle was Seat Cordoba [8] . Due to the Bosch Monomotronic Single Point Injection, it was impossible to apply the fuel flow meter (built-in fuel pressure regulator with overflow tube), therefore, the engine's exhaust gas emissions only were assessed. The other vehicle: BMW E30 [9] , was assessed in terms of economic indexes thanks to the Bosch L-Jetronic Multi Point Injection. Table presents the technical characteristics of both vehicles tested. The BMW E30, despite its age (year of manufacture: 1984), and mileage over 230 thousand km, upon the overall summary, consumed in average ca. 7 L/hr (Fig. 6) , which should be acknowledged a very good result. It is conspicuous (Fig.6) , that in the test of part 4 x ECE 15 the hourly fuel consumption did not exceed 6 L/hr, however in the EDUC part, it goes up to 12 L/hr, even [10] . One should remember, however, that the engine works on the idler gear for more than 30% of the test duration. Upon analysis of the unit fuel consumption , the maximum value observed can reach 40 L/100 km, while the average of the whole test is 6 L/100 km.
A disadvantage of the fuel flow meter used is the application of pressure regulator with constant pressure difference value in its measuring system, which is of crucial importance to the fuelling systems without feedback of the combustion mixture composition regulation (BMW E30) and may affect the fuel consumption and the external indexes of the engine. In case of the Seat, as mentioned above, the composition of the exhaust gas emissions was analyzed. The MGT5 analyzer in the four-component version [11] , cooperating with the LPS 3000 dynamometer, enabled recording of the concentration of the particular components, as presented in Fig. 7 .
It is difficult, however, to compare the results to the manufacturer's data or regulatory requirements as they are defined in g/km, not in % or ppm, like in this case. However, a special exhaust gas dilution system is required (so that the reactions could occur in ambient conditions) together with a weighing system for particular components (measuring bags), although it is not the only method. Upon analysis of the air excess coefficient λ, determined from the concentration of the particular components (Fig. 7) , some oscillations above 1 are visible. This may be the result of excessive reduction of the fuel/air ratio or leakage in the exhaust system of the vehicle tested. The leakage occurred in the section between the catalytic converter and the exhaust system, which had no effect on the operation of the oxygen sensor, however, the air "sucked" into the exhaust system could deform the measurement.
The preliminary tests carried out confirmed the correctness of the system developed, enabling the performance of dynamic drive tests on the LPS 3000 dynamometer, competitive to the expensive manufacturer's software. During the tests on the LPS 3000 MAHA roller dynamometer, however, certain deficiencies were observed in the dynamometer's operation during the drive tests. The focus on the power transmission system load only during the test brings about the necessity to correct velocity through the change of engine admission extent on the one hand and the use of the brake system, on the other. Therefore, carrying out drive tests on four wheel chassis load dynamometers is burdened with a certain error. This is due to the fact that there is no simulation of the vehicle inertia in motion, which is possible on the so-called industrial engine test houses. The simulation of the car's inertia during a short switch of the brake's operation from the position "generator" to the position "engine" is possible in such test houses, their cost often exceeding 10 times that of dynamometers. This kind of engine test houses, however, is part of the equipment of automotive corporations and companies dealing in the homologation and vehicle tests, including without limitation ITS, TUV, DEKRA and the scientific research [12] [13] [14] [15] [16] [17] . The suggested device is a supplement to the standard software of the roller dynamometer with low expenses on the purchase of its particular components.
2. The software developed enables the performance of standardized drive tests and the performance of customized velocity profiles.
3. The run research of the fuel consumption showed the average value on the level 7 L/hr, which should be acknowledged as a very good result (BMW E30, 1984, mileage over 230 thousand km).
4. The exhaust gases composition measurement (Seat Cordoba I, 1997, mileage 98 thousand km) showed just an instantaneous increased nitrous oxides emission, to what the two-level control process lambda probe contributed.
5. The low fuel consumption value, so as the level of the exhaust gas components emission, are the result of driving in most part of the test (ca. 70%) at a low speed on a high gear.
6. The showed measuring system by using adequate software can be applied in chassis dynamometer to inert mode of power measurement.
